Mass segmentation and density classification is an important for breast cancer screening. The purpose of this study is to develop the computer aided diagnosis for mass segmentation and density classification according to the fourth edition of BI-RADS criteria in digital mammography. The digital mammography was digitized high resolution in the image acquisition phase. After the digitization process, an active contour algorithm was applied for mass segmentation. Finally, percentage of mammographic density was calculated for density classification according to the fourth edition of BI-RADS lexicon. The study includes 100 digital mammography of women aged 33-81 years. The results show that the overall accuracy of computerized method classification is 88%.
Introduction
In current mammography imaging practice, there are basically two types of normal tissue distinguishable in the images. One is dense tissue, which is a two component mixture of stromal and epithelial tissue, appearing bright in the image and other is fatty tissue, which appears dark. The fundamental difficulty in either human or computerized breast image analysis is that dense normal tissue and abnormal tissue often have similar x-ray attenuations with respect to the x-ray spectrum in conventional imaging practice, which results in similar image intensities; also the textures are similar. A sample mammogram displaying the breast anatomy is shown in figure 1. Mammographic density is an important predictor of risk of breast cancer. Typically, the radiologists classify mammographic density according to fourth edition of Breast Imaging Reporting and Data System (BIRADS) [1, 2] , which developed by the American College of Radiology (ACR). BI-RADS descriptors are important factors for predicting malignancies that are assessed and provided by the radiologist. The fourth edition of BI-RADS criteria defined breast density in four categories:
--BI-RADS I: the breast is almost entirely fatty.
--BI-RADS II: there is some fibroglandular tissue.
--BI-RADS III: the breast is heterogeneously dense.
--BI-RADS IV: the breast is extremely dense. The difference among experience and expertise of each radiologists causes and error of mammographic density classification. Discrepancies as high as 46% have been reported in mammographic density assessment by two different radiologists. Several researchers have pointed out the possibility to employ computer-aided diagnosis (CAD) schemes to assist radiologists in the interpretation of mammograms. During the last decade CAD has been largely developed to improve the diagnostic accuracy in both the detection and classification of masses, that may indicate the presence of breast cancer [3, 4] . Furthermore, medical images segmentation is an important work to object recognition of the human organs, such as breast, lungs and ribs, and it is an essential pre-processing step in medical image segmentation [5, 6] . The work of the segmentation decides the result of the final processed image. This paper presented here is an important component of an ongoing project of developing an mass segmentation and density classification system for breast cancer screening and diagnosis for digital mammography applications. Specifically, in this work the task of separating mass tissue from normal breast tissue given a region of interest in a digitized mammogram is investigated. This is the crucial stage in developing a robust system because the classification depends on the accurate assessment of the tumor-normal tissue border as well as information gathered from the tumor area.
Methodology
The element of the overall system scheme of computer aided diagnosis for mass segmentation and density classification according to the fourth edition of BI-RADS criteria in digital mammography is shown in figure 2 . The mammograms are digitized in the image acquisition phase while the primary region of interest is located in the second phase called ROI. The next two phases: segmentation and classification cover the main processing steps of the mass segmentation and density classification system that is under development here at this facility. 
Digitization of the Mammography Images Module
The digitization of mammographic images module is image and data archiving in DICOM format from mammogram modality into database using Matrox Morphis (MOR/2VD/84*) capture card. This image acquisition is controlled through AVICAP Windows Class, which interface between Application and Device Driver. This is where patient information is entered in, the digitizer is accessed for scanning, and where any necessary changes can be done to the image signal before the digital image is saved.
Screening Mammography is a low-dose x-ray examination of the breasts in a woman who is asymptomatic. The Screening Mammograms are two x-ray views for each breast, typically cranial-caudal view, (CC) and mediolateral-oblique (MLO). These views that is shown in figure 3 
Mass Segmentation and Density Classification
Computer aided diagnosis for breast cancer screening according to the fourth edition of BI-RADS criteria in digital mammography is important distinctions between mass segmentation and density classification.
After the digitization process, it is valuable to develop a computer aided method for mass classification based on extracted features from the breast and region of interests (ROI) in digital mammography. This would reduce the number of unnecessary biopsies in patients with benign disease and thus avoid patients, physical and mental suffering, with an added bonus of reducing healthcare costs.
The ROI extracted from the breast region are shown in figure 4 and mass extracted from the ROI both for malignant and benign are shown in figure 5 that need to be classified and it is the main objectives of the paper. An active contour algorithm was employed for mass boundary segmentation with the equation (1); after the energy image on version of the image was smoothed. To simplify tuning the parameters , β, k, , this paper take unit time steps ∆t=1 and assume that the external force f E is normalized to have maximum magnitude equal to 1 (pixel/step). The balloon force f B has magnitude one everywhere. The snake v(s) at time t is represented by two vectors containing the x and y coordinates of a sequence of points on the snake curve. The distance between subsequent points is maintained close to 1 pixel. Snake combine image data and elasticity constraints to iteratively refine an initial, coarsely located contour. However, the elasticity constraints and the gradient based driving forces generally prevent snakes t enter into invaginated structures and correctly follow their contours.
Mammographic Density Classification
BI-RADS descriptors are important factors for predicting malignancies that are assessed and provided by the radiologist. The mass narratives include the overall shape description, the border region margin regularity, and the relative intensity of the mass region compared with the ambient normal tissue intensity. The BI-RADS also provides a four-category rating for assessing the overall breast tissue characteristic in terms of the fibroglandular composition. The intensity or the x-ray attenuation of the mass tissue region is described as density. The density here is the relative density, i.e. higher, lower or similar relative to the surrounding tissue. The density is rated on 4-point system.
The segmented mass area and total of breast tissue area were selected on images to obtain the number of pixels. The number of pixels in the segmented mass area and the number of pixels in the total of breast tissue area were calculated for the percentage of mammographic density, which are determined by the equation (2) .
NPB NPS MD
100 %   (2) where MD % is the percentage of mammographic density.
NPS is the number of pixels in the segmented mass area.
NPB is the number of pixels in the total of breast tissue area. Finally, the percentage of mammographic density is calculated and classified with BI-RADS criteria.
Results and Discussion
The segmented mass area (fibroglandular area) and total of breast tissue area were selected on images to obtain the number of pixels. The number of pixels in the segmented mass area and the number of pixels in the total of breast tissue area were calculated for the percentage of mammographic density, which are determined by the equation (2) . Table 1 shows that the examples of percentage of mammographic density classification is calculated and classified with BI-RADS criteria. Table 2 shows that the overall accuracy of computerized method classification is 88% (88/100). The BIRADS I reach 95.45% (21/22) correct classification, BIRADS II 96.29% (26/27), BIRADS III 81.81% (18/22) and IV 79.31% (23/29). In conclusion, the computerized method based on active contour segmentation would be useful as the radiologist assistant for mammographic density classification. Nevertheless, this method is suitable for fatty breast, but mammographic density classification errors may occur in dense breast. The work on the segmentation and classification are currently going on to improve its functionality. For example, the system wants to be able to draw a marker around a region of interest (such as a cancerous mass) on a DICOM image. However, much more work needs to be done on the system in order to make it acceptable by radiologists for use in diagnosis. Fig. 6 The digitization of mammographic images module. 
Conclusion
This study is to develop the computer aided diagnosis for mass segmentation and density classification according to the fourth edition of BI-RADS criteria in digital mammography. The digital mammography was digitized high resolution in the image acquisition phase. After the digitization process, an active contour algorithm was applied for mass segmentation. Finally, percentage of mammographic density was calculated for density classification according to the fourth edition of BI-RADS lexicon. The study includes 100 digital mammography of women aged 33-81 years. The results show that the overall accuracy of computerized method classification is 88%. The significance of the computerized method based on active contour segmentation is useful as the radiologist assistant for classifying mammographic density. Nevertheless, this method is suitable for fatty breast, but mammographic density classification errors may occur in dense breast. However, much more work needs to be done on the viewer in order to make it acceptable by radiologists for use in diagnosis. 
